The fundamental abnormality in the SturgeWeber syndrome (SWS) is considered to be the lack of superficial cortical draining veins, which results in numerous collateral pathways of venous flow. Venous abnormalities have been described in detail using angiography but magnetic resonance imaging (MRI) has replaced angiography in the diagnosis of SWS. In this paper we aim to demonstrate the range and evolution of venous abnormalities in the SWS as seen on standard MRI sequences. Retrospective review of 16 MRI scans in a group of ten children with SWS was performed by two pediatric radiologists with emphasis on venous abnormalities. Eight patients had unilateral angiomas and five of these had ipsilateral choroid plexus hypertrophy. Two patients had bilateral angiomas both of which had bilateral choroid plexus hypertrophy. In two patients, the vein of galen was enlarged. 
Introduction
The fundamental abnormality in the SturgeWeber syndrome (SWS) is considered to be the lack of superficial cortical draining veins. This results in numerous collateral pathways of venous flow manifesting as a leptomeningeal angioma with dilated transparenchymal, subependymal and deep veins. These abnormalities have been described in detail using angiography. However, angiography is invasive with associated morbidity and potentially severe complications and is no longer performed as part of the workup for SWS. Magnetic resonance imaging (MRI) is the imaging modality of choice for demonstrating the pial angioma but the detection of venous collaterals has only a limited description in the MRI literature. In this paper we aim to demonstrate the range and evolution of venous abnormalities in SWS as seen on MRI.
Materials and Methods
Retrospective review of 16 MRI scans in a group of ten children with SWS was undertaken by two pediatric radiologists. Standard MRI sequences were evaluated. These included multiplane, multislice T2, FLAIR and T1 pre and post contrast images. The venous structures evaluated included deep veins (internal cerebral veins, basal veins of Rosenthal, vein of Galen, straight sinus), subependymal veins and transparenchymal medullary veins. Ten patients with SWS were investigated using MRI. Five patients underwent a single MRI, four had two scans and a single patient had 3 scans. In total, 16 scans were performed in ten patients. There were seven boys and three girls. The ages ranged from 3 days to 17 years at initial examination. Seven of the initial scans were performed when the patients were below 3 years of age. Four patients had scans below 6 months of age with the youngest being only 3 days of age. Three of these patients had follow-up scans, one at 9 months, one at 15 months and one at 5 years, respectively. Three patients had initial scans performed between the ages of 13 years and 18 years. Of these, one patient had two follow-up scans.
Results
A total of ten patients were included. Two patients had bilateral pial angiomas demonstrated on MRI. In one of these cases, an initial MRI performed at 4 months of age demonstrated a left sided angioma only, and a repeat study at 15 months demonstrated bilateral angiomas (left larger than right). Of the remaining eight patients, four had angiomas on the right and four on the left.
Five patients demonstrated enlargement of the choroid plexus ipsilateral to the side of the angioma. One patient had a right-sided angioma with left sided choroid plexus hypertrophy. One of the cases with bilateral angiomas had bilateral choroid enlargement. The case, which initially demonstrated a left sided angioma, had ipsilateral choroid plexus hypertrophy on the first scan and bilateral hypertrophy on the follow-up scan which also demonstrated bilateral pial angiomas.
In two patients, the vein of Galen was enlarged. Abnormal subependymal or medullary veins were seen in a total of seven patients. In two of the cases, enlarged veins were demonstrated in the cisterna veli interpositi (Figures 1a and 1b) .
Evolution of venous pathways was seen in four patients including the development of cerebellar medullary veins (Figure 2 ), anomalous veins draining into the vein of Galen and medullary veins involving the cerebral hemispheres.
Three out of the ten patients had associated cerebral malformations. One patient had a choroid fissure cyst and one had increased signal in the left thalamus. Two patients had cortical malformations on the ipsilateral to the side of the angioma. One of these patients also had ipsilateral mesial temporal sclerosis. The child with bilateral angiomas (larger on the left) had associated left cortical dysplasia. 
Discussion

SWS
is a neurocutaneous syndrome characterized by leptomeningeal angiomatosis and an ipsilateral facial nevus known as a portwine stain. This is associated with a variety of central nervous system manifestations including seizures, mental retardation, dementia, hemiplegia, hemianopsia, buphthalmos and glaucoma (1) (2) (3) (4) (5) (6) (7) (8) (9) .
The fundamental abnormality in SWS is aplasia or thrombosis of superficial cortical draining veins in the affected hemisphere/s (5-7,9-15). The result is redirection of blood with development of a leptomeningeal angioma and engorgement of the deep venous system via persistent embryological venous structures (6, 7, (9) (10) (11) 13, 14, 16) . The collateral vessels usually have a transparenchymal, subependymal or periventricular location (1, (13) (14) (15) . The diversion of venous blood does not compensate fully and there is vascular stasis with chronic hypoxia resulting in tissue loss and dystrophic calcification (5, 10, 11, 15) . These factors account for the characteristic radiological features of SWS including cerebral atrophy, gyral calcification and leptomeningeal enhancement (10) .
Vascular abnormalities are not static over time and may relate to the age at which the patient is imaged (11, 13) . Evolution is thought to occur due to thrombotic and non-thrombotic occlusion of veins (9, 11, 16) . Thickening and fibrosis of the medullary veins has been demonstrated at pathological examination and are thought to be the result of chronic venous hypertension (9, 11) . These venous occlusions may modify the pattern of centripetal venous drainage (9) . Five of our ten patients had follow-up scans and of these, four demonstrated changes in venous appearances over time. All four patients developed intramedullary or subependyal collaterals.
Catheter angiography no longer forms part of the routine assessment of a child with SWS (10) . It is with the use of angiography, however, that the venous abnormalities in SWS have been demonstrated and reported in detail (5, 6, 11, 13, 14, 17, 18) . Benedikt et al. (13) reported the presence of enlarged deep veins in nine of 11 children with SWS on angiography. The internal cerebral veins were most prominently involved but there were also enlarged basal veins of Rosenthal, medullary veins and subependymal veins (13) . The venous abnormalies in SWS have been described on cross-sectional imaging (4, 6, 10) , as has the increased prevalence of dural arteriovenous fistulae, cavernous angiomas and developmental venous anomalies (10) . The disturbed venous circulation reportedly manifests on MRI as congested cerebral veins, best appreciated on T2 weighted sequences as prominent signal voids (3-5,7). Our literature search yielded 12 papers describing the venous pattern on MRI in children with SWS (1) (2) (3) (4) (5) (6) (7) (8) (11) (12) (13) (14) . Ten of these papers describe a total of 70 patients with venous abnormality in 28 of these patients (40%). The reported findings include decreased cortical veins, prominent subependymal, periventricular, medullary and internal cerebral veins (1) (2) (3) (4) 7, 8, (11) (12) (13) (14) . Most of these reports do not indicate the relative incidence of each of the venous abnormalities and more often than not the abnormality is simply described as enlargement of the deep venous system. In our study, there was poor correlation with reported angiographic findings of enlarged internal cerebral veins and basal veins of Rosenthal. None of our patients showed dilated internal cerebral veins. Only one case with a unilateral angioma demonstrated enlargement of the ipsilateral basal vein of Rosenthal. We also evaluated the vein of Galen, which was enlarged in two cases. The straight sinus was not enlarged in any of our cases. Other reported venous abnormalities include decreased or absent superficial cortical veins, abnormal veins with 'bizarre' courses, non-filling of the superior sagittal sinus from an ipsilateral injection and occlusions of the superior sagittal sinus and deep veins by thrombus (5, 6, 11, 13, 14, 17, 18) . Abnormal subependymal or medullary veins were seen in a total of seven patients in our study. In two of the cases, enlarged veins were demonstrated in the cisterna veli interpositi (Figures 1a and 1b) . We found that the vessels were best evaluated with a combination of assessing T2 vascular flow voids and The major limitation of our study is the difficulty assessing what constitutes a "normal" venous caliber in children of different ages, as there are no standardized measurements for comparison. In the cases with unilateral angiomas, one may use the non-affected side as the control side. However, this does not take into account the normal variation in size of venous structures, bilateral disease, or the development of contralateral venous pathways.
Conclusion
Evaluation of venous structures on standard brain MRI sequences demonstrated abnormalities in 70% of children with SWS. Unlike previous angiographic studies, which commonly demonstrated dilated deep venous structures, only one of our cases had this feature. The commonest abnormality was the presence of anomalous medullary and subependymal vessels. Evolution of venous abnormalities over time was demonstrated in four of five patients who had follow-up imaging. The identification of abnormal venous pathways on standard MRI sequences can be used to make an early diagnosis in children and may be useful in detecting bilateral disease. Radiologists should also be aware that evolution of abnormalities, may occur over a period of time, and include the appearance of abnormal venous structures. Cortical dysplasias and other abnormalities are notable associated findings, which may result in seizures.
